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A METHOD OF CO NSTRUCTING A THIN FILM MIRROR 

This invention relates to a method of 
constructing a thin film mirror. 

The use of thin film mirrors as part of image 
projection display systems for use in large field-of- 
view presentation is well known. The large field-of- 
view presentation may be, for example, simulation, 
leisure, computer aided design or visualization 
presentation. Typically, thin film mirrors are used 
in simulation apparatus such for example as flight 
simulation apparatus where the thin film mirrors are 
used in off -axis optical systems to produce a wide 
angle collimated or near collimated display to be 
viewed by a pilot or trainee. 

The thin film mirrors are usually constructed, by 
a method which involves attaching a thin plastics film 
to form the mirror on a chamber which has one open 
side. A suction pump is used to partially evacuate 
the chamber so that the thin plastics film is sucked 
into the required shape for forming the thin film 
mirror. The shape of the thin film mirror is 

determined by characteristics of thin plastics film 
used, and by the shape of the edges of the chamber 
which provide the support for the mirror surface, 
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The geometric accuracy of the mirror is ofcen one 
of the major factors in the quality and usefulness of 
the image projection display systems. The accuracy of 
the edges of the chamber and the way in which the 
plastics film is applied to the edges is crucial to 
the geometry of the thin film mirror. The thin film 
mirror is normally required to be spherical, toroidal, 
or spheroidal. The edges of the chamber are shaped 
such that they lie on the mirror surface. Thus the 
top and bottom edges of the mirror are usually parts 
of minor circles, and the ends of the mirror are 
usually lines of longitude. Minor circles are those 
described by the circumference of a circular plane 
section that is produced when a sphere is cut in a 
plane that does not pass through the sphere centre. 
An example of a minor circle is a line of latitude, 
upon which the top and bottom edges of a mirror cell 

typically lie. 

The mirror film is initially a sheet which is 
part of a frustum of a cone laid flat. With known 
designs of suction chambers, the thin plastics film 
can be lightly tensioned to form a cord between the 
top and bottom chamber edges, to which the thin 
plastics film can then readily be attached. 
Attachment to the side edges of the chamber is more 
difficult because the thin plastics film must be 
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stretched uniformally in order to transition from a 
chord to an arc which corresponds to the curvature of 
the end of the suction chamber. This stretching must 
be performed in a radial direction from the centre of 
curvature, in order to minimise distortion in the 
finished thin film mirror. The problem of securing 
the film at the ends to accommodate both directions of 
curvature and to reduce distortion to an insignificant 
extent is well known. 

There are two principal methods currently used to 
construct thin film mirrors. The first method is to 
use temporary chamber extensions which are removed 
after the thin plastics film has been stretched to the 
required shape. The second method is to use a 
mechanical stretching device to force the mirror film 
edge to take up the required shape. Both of these 
known methods result in an abrupt discontinuity of the 
film edge at each corner of the final thin film mirror 
assembly. The film is initially in sheet form and it 
is converted into its final form by plastic and 
elastic deformation. In the corners of the suction 
chamber, the film is constrained along two edges by 
the use of an edge fixing arrangement and hence is 
considerably more resistant to stretching than a 
section of film located at an edge well away from the 
corner, where it is restrained only along one edge. 
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In the case of the mechanical stretching device, 
friction between the mirror film and the stretching 
device can result in non-uniform stretching of the 
film which results in local geometrical errors in the 
produced thin film mirror. 

It is an aim of the present invention to obviate 
or reduce the above mentioned problems . 

Accordingly, in one non-limiting embodiment of 
che present invention there is provided a method of 
constructing a thin film mirror, which method 
comprises constructing the mirror from thin plastics 
film on a auction chamber which has: 

(i) top and bottom edges which lie on a 

required mirror surface; 

(ii) ends that each have a contact surface 
to the thin plastics film that lies on a required 
mirror surface which can be developed from a plane so 
that the thin plastics film is able readily to be 

attached; and 

(iii) no abrupt discontinuities in the 

mirror film support edge part of the suction chamber. 

It will be appreciated that in the method of the 
invention, the suction chamber is manufactu: i such 
that there is no abrupt direct.. ;nal discontinuity in 
the edge clamping of the thin plastics film to form 
the thin film mirror, and the contact surface of each 
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end of the suction chamber assembly forms a plane, or 
a surface developed from a plane, on to which the thin 
plastics film is able to be mounted without the need 
for temporary extension pieces or mechanical 
stretching devices to give the exact boundary 
conditions for the mirror surface required. Examples 
of surfaces that can be developed from a plane are 
cones and cylinders, where a planar film surface could 
be formed to that shape without any deformation of the 
film. 

In the method of the invention, the ends of the 
suction chamber may be in the form of smooth curves. 
The ends of the suction chamber may be semi -circles or 
semi-ellipses . 

Generally, the ends of the suction chamber may be 
such as to lie on an intersection of a sphere (toroid 
or spheroid) and a surface which is a plane or can be 
developed from a plane, for example a cylinder, a cone 
or a frustrum. 

If the method of the invention is to be used for 
producing a spherical thin film mirror, then the 
method may be one in which the top and bottom edges of 
the suction chamber are in the form of parts of minor 
circles, and in which the ends of the suction chamber 
are each a half minor circle with the chords through 
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the ends of the top and bottom sections of the minor 
circles as diameters. 

An embodiment of the invention will now be 
described solely by way of example and with reference 
to the accompanying drawings in which: 

Figure 1 shows a known chamber for use in 
producing a known thin film mirror ; 

Figure 2 shows the chamber of Figure l when 
provided with a thin plastics film for use in forming 
the thin film mirror; 

Figure 3 shows an extension piece for the suction 

chamber; 

Figure 4 shows one end of a suction chamber as 
used in the method of constructing a thin film mirror 
in accordance with the present invention; and 

Figure 5 shows in detail a practical application 
of the invention for the case of a sphere. 

Referring to Figures 1 and 2, a known thin film 
mirror is able to be produced using a chamber 2 as 
shown in Figure l. The chamber 2 is open on one side 
and, as shown in Figure 2, a thin plastics film 4 is 
attached to the chamber 2. A suction pump (not shown) 
is employed to partially evacuate the chamber 2 so 
that the thin plastics film 4 is sucked into the 
required shape. the shape of the produced thin film 
mirror is determined by. characteristics of the thin 
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plastics film 4, and by the shape of the edges of the 
chamber 2 which provides support for the surface of 
the thin film mirror to be formed. The thin film 
mirror is initially a sheet which is part of the 
frustrum of a cone laid flat. Figure 2 shows such a 
sheet, where the dotted lines show the required lines 
of contact with the chamber edges, and the parts 
outside the dotted lines allow for fixing along the 
supporting edges of the chamber 2 . 

As mentioned above, one known method of producing 
a thin film mirror is to use temporary chamber 
extensions. Figure 3 shows part of the chamber 2 with 
a temporary chamber extension 6. A temporary chamber 
extension 6 can be fitted to both ends of the chamber 
2 for use in producing the thin film mirror. The 
temporary chamber extension 6 provides tangential 
extensions to the top and bottom edges of the mirror 
and terminates in a chord, thus forming a plane to 
which the extended mirror sheet can be attached. The 
mirror sheet is then sucked into the chamber spherical 
side edges where it can be clamped, the temporary 
chamber extensions 6 removed, and the thin film 
attached to the ends of the chamber 2. The amount of 
residual distortion at the side edges of the thin film 
mirror so produced is very dependent on the length of 
the temporary chamber extensions 6, with longer 
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temporary chamber extensions 6 enabling a greater 
reduction in distortion to be achieved. 

As an alternative to employing temporary chamber 
extensions, it is known to produce thin film mirrors 
using a mechanical stretching device to force the 
mirror film edge to take up the required shape. One 
such mechanical stretching device is described in USA 
Patent No. 4,572,717. In this USA patent, the thin 
plastics film is attached to the top and bottom edges 
of a suction chamber, and a flexible strip is attached 
to the side edge of the film along a chord between the 
ends of the top and bottom edges. The film is then 
mechanically stretched in a constrained radial 
direction until it matches the arc formed on the side 
edge of the suction chamber. The film is> then 

attached to the suction chamber. 

As mentioned above, the construction of thin film 
mirrors using temporary chamber extensions or 
mechanical stretching devices results in an abrupt 
discontinuity of the film edge at each corner of the 
final mirror assembly. The film is initially in sheet 
form and it is converted into its final form by 
plastic and elastic deformation. In the corners of 
the suction chamber, the film is constrained along two 
edges by the edge fixing arrangement and hence is 
considerably more resistant to stretching than 
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section of film located at an edge well away from the 
corner, where it is restrained only, along one edge. 
In the case of the mechanical stretching device, 
friction between the mirror film and the stretching 
device can result in non-uniform stretching of the 
film which results in local geometrical errors. These 
problems are able to be overcome or substantially 
reduced by constructing a thin film mirror by a method 
using a suction chamber as shown in Figure 4. 

Referring now to Figure 4, there is shown one end 
of a suction chamber 8 for the case of a sphere and a 
plane. Points a'acbb' lie on the surface of a sphere. 
Points a' A form the top of the mirror and they lie on 
a minor circle, as do points b'b which form the bottom 
of the mirror. Points AB are points on a line of 
longitude. Points ABC lie in a . plane and on a minor 
circle which has the chord AB as a diameter. Thus a; 
thin plastics film to form a thin film mirror may be 
mounted to the curve ACB without the need for external 
extensions or mechanical stretching devices. 

Figure 5 shows in more detail a practical 
application for the case of a sphere. In Figure 5 
point (a) is the centre of curvature of the required 
mirror. Point (b) is the centre of the minor circle 
forming a top film retention edge 10. Point (c) is 
the centre of the minor circle forming a bottom film 



WO 97/31277 



10 



PCT/GB97/00456 



retention edge 12. Point (d) is the centre of the 
minor circle forming an end film retention edge 14. 

Points (b) and (c) lie on a vertical axis passing 
through point (a) . Point (d) is at the mid point of a 
chord drawn between the top and bottom film retention 
edges . 

The shaded area in Figure 5 shows the film 
attachment surface 16 which can be developed from a 
plane. 

The distances (e) , (f) and <g) are the distances 
from the required mirror centre of curvature to any 
point on the top, bottom and end film retention edges 
10, 12. 14 respectively. The distances (e) . (f) and 
(g) equal the radius of the required mirror. 

Also shown in Figure 5 is a plenum chamber 18. 
It is to be appreciated that the embodiment of 
the invention described above with reference to Figure 
4 has been given by way of example only and that 
modifications may be effected. Thus, for example, the 
thin film mirror may be constructed using any of the 
known thin plastics films used for constructing known 
thin film mirrors. Also, the levels of suction 
employed may be the same as or similar to those levels 
currently employed for producing known thin film 
mirrors. The various materials used to form the thin 
film mirror and the various suction techniques are r.ot 
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central to the present invention and thus they have 
not been described in detail although it is mentioned 
that a preferred material for the thin plastics film 
is an optical grade polyester, and a preferred suction 
value is approximately 0.25 p.s.i at operating draw 
depth . 
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CLAIMS 

1 . A method of constructing a thin film mirror, 
which method comprises constructing the mirror from 
thin plastics film on a suction chamber which has: 

(i) top and bottom edges which lie on a 
required mirror surface; 

(ii) ends that each have a contact surface 
to the thin plastics film that lies on a required 
mirror surface which can be developed from a plane so 
that the thin plastics film is able readily to be 

attached; and 

(iii) no abrupt discontinuities in a mirror 
film support edge part of the suction chamber. 

2. A method according to claim 1 in which the ends 
of the suction chamber are in the form of smooth 
curves . 

3. A method according to claim 1 or claim 2 in which 
the ends of the suction chamber are semi-circles. 

4. A method according to claim 1 or claim 2 in 'which 
the ends of the suction chamber are semi-ellipses. 
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5 . A method according to claim 1 or claim 2 in which 
the method is for producing a spherical thin film 
mirror, in which the top and bottom edges of the 
suction chamber are in the form of parts of minor 
circles, and in which the ends of the suction chamber 
are each a half minor circle with the chords through 
the ends of the top and bottom sections of the minor 
circles as diameters. 
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FIG. 1 




FIG. 2 
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FIG. 3 



INTERNATIONAL SEARCH REPORT 



Inten jnal Application No 

PCT/GB 97/0G456 



A- CLASSIFICATIONS OF SUBJECT MATTER 

IPC 6 GG2B5/08 G02B5/1O 
G02B7/188 



B29D11/0G GG2B7/182 G02B7/185 



According to International Patent Classifi cation (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed oy classification symbols) 

IPC 6 GG2B B29D 



Documentation searched other than minimum documentation to the extent that such documents are included tn the field? searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms u«d) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of document, with indication* where appropriate, of the relevant passages 



Relevant to claim No. 



US 3 877 139 A (MARTINEZ EUGENE) 15 April 
1975 

see column 1, line 25 - line 39 

see column 2, line 24 - column 3, line 66; 

figures 1-6 

US 3 973 834 A (PENN FRANKLIN E ET AL) 10 
August 1976 

see column 2, line 25 - column 4, line 13 
see column 5, line 34 - column 8, line 65; 
figures 1-6,8,9 

US 5 247 395 A (MARTINEZ EUGENE) 21 
September 1993 

see column 2, line 46 - column 3, line 48; 
figures 1-3 

-/- 



1-4 



1-4 



1-5 



0 



Further documents are listed in the continuation of box C. 



0 



Patent family members are listed in annex. 



" Special categories of a ted documents : 

"A* document defining the general state of the art which is not 

considered to be of particular relevance 
*E* earlier document but published on or after the international 

filing date 

*L" document which may throw doubts on priority claim(i) or 
which is a ted to establish the publication date of another 
citation or other special reason (as specified) 

*0* document referring to an oral disclosure, use, exhibition or 
other means 

*P" document published prior to the international filing date but 
later than the pnonty date claimed 



*T* later document published after the mternaoonaJ tiling date 
or prionty date and not in conflict with the applicaoon but 
ated to understand the principle or theory under: yinj me 
invention 

'X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an mvenuve -ncp when the 
document is combined with one or more oiner such docu- 
ments, such combination being obvious to a txnon Untied 
in the art. 

'St.' document member of the tame patent family 



Date of the actual completion of the intemaQonal search 



22 May 1997 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 PatenUaan 
NX • 2280 HV Rjjswnk 
Tel. (♦ 31-70) 340-2040, Tx. 31 651 epo nj, 
Fax { + 31-70) 340-3016 



Date of mailing of the international search rc r »ir: 



06. 06. 97 



Authorised officer 



Hessen, J 



Form PCT/ISA.-2I0 fteeona ihni) (July \9<*2) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



[ntem >nal Application No 

PCT/GB 97/00456 



C(Corrtinuatjon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate* of the relevant passages 



Relevant to claim No. 



FR 2 491 816 A (FABERT JEAN JACQUES) 16 
Apri 1 1982 

see page 4, line 21 - page 6, line 21; 
figures 2A-2F,3,4 



1-5 



Farm PCT.iS A/210 (continuation of second th«*l) I July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 


Lnterr unal A 

PCT/GB 


pphcation No 

97/00456 


Patent document 1 . Publication 
cited in search report 1 date 


Patent family 
member(s) 


Publication 
date 



US 3877139 A 15-04-75 NONE 



US 


3973834 


A 


10-08-76 


NONE 


us 


5247395 


A 


21-09-93 


NONE 


FR 


2491816 


A 


16-04-82 


NONE 



Form PCT/IS A/210 <p«Uftt f»mily annex) (July 



{ 



